The endoparasitoid Tetrastichus howardi (Olliff) (Hymenoptera: Eulophidae) can be reared with the alternative host Tenebrio molitor (Linnaeus) (Coleoptera: Tenebrionidae). Host storage at low temperatures can regulate parasitoid production and demand in biological control programs. The life cycle (egg to adult), parasitism and emergence percentage, number of parasitoids emerged per host pupae, sex ratio, and longevity of the T. howardi offspring per T. molitor pupa were evaluated after low temperature storage of this host for different periods, and its immature (pupae) in T. molitor pupae for 5 periods at 10.3 °C. Tenebrio molitor pupae stored at 0.5 ± 0.09 °C and 2.7 ± 0.11 °C for 10 and 20 d, respectively, were adequate to produce T. howardi. The biological characteristics of this parasitoid were better with T. molitor pupae stored at 0.5 ± 0.09 °C and 2.7 ± 0.11 °C for 10 and 20 d. Tetrastichus howardi immature (pupae) can be stored in T. molitor pupae for 10, 20, 30, 60, and 90 d at 10.3 °C, preferably in pupae of this host for 10 d to produce the adults of this parasitoid for biological control programs. These results contribute to overcoming 1 of the difficulties encountered in the mass production of parasitoids. Therefore, the conservation of T. molitor pupae in low temperatures can be used to increment of population of T. howardi in mass production for pest control programs.
The use of parasitoids in most biological control programs requires that the parasitoids meet some requirements, such as high quality and low-cost techniques to rear these insects (Colinet & Boivin 2011; Vargas et al. 2013; Ferreira et al. 2016) . Parasitoids, especially adult females, used in biological control programs, have a short life cycle (Barbosa et al. 2016 ) and, therefore, should be sent to release sites soon after being produced. The number of parasitoids produced depends on the demand for release and should be controlled according to priority areas. The continuous parasitoid availability, for commercial experiments or release aiming to reduce insect pest populations, is 1 of the difficulties in biological control laboratories. Temperature affects insect life cycle (Pereira et al. 2009a) , and its regulation can facilitate host and parasitoid storage over different periods , adjusting production according to the demand for these agents in biological control programs .
Cold stress effects on parasitoids should be studied because storage at low temperatures can compromise the quality of these natural enemies (Lysyk 2004; Chen et al. 2008b) . Biological characteristics such as parasitism, emergence, longevity, progeny, and sex ratio can be used to evaluate the performance of parasitoids after cold storage . Tetrastichus howardi (Olliff) (Hymenoptera: Eulophidae) parasitize many lepidopteran pests (Prasad et al. 2007) , including Diatraea saccharalis (Fabricius) (Lepidoptera: Crambidae) caterpillar pupae and adults . This natural host can damage sugar cane, corn, and sorghum crops (Cruz et al. 2011) , and rice in Brazil (Lv et al. 2011 ). The T. howardi use in biological control programs depends on its low cost, large scale production and quality (Ferreira et al. 2016) .
The objectives were to evaluate the life cycle (egg to adult), parasitism, and emergence percentages, number of parasitoids emerged per host pupae, sex ratio, and longevity of T. howardi offspring in T. molitor pupae after storage of this host at low temperatures.
Materials and Methods
The experiment was conducted at the Laboratory of Biological Control of Insects of the Faculty of Biological and Environmental Sciences of the Universidade Federal de Grande Dourados in Dourados, Mato Grosso do Sul, Brazil, with the following stages: Tenebrio molitor larvae were kept in plastic trays (29 × 23 × 11 cm), and kept air-conditioned at 25 ± 1 °C, 60 ± 10% RH, and a 14:10 h (L:D) photoperiod, with wheat bran (97%), beer yeast (3%), and chuchu slices (Zamperline & Zanuncio 1992) or cucumber to supplement the feeding of this insect (Oliveira 2013) . Viable D. saccharalis eggs were placed in glass bottles (8.5 × 13 cm) with an artificial diet based on soybean meal, wheat germ, vitamins, minerals, and anti-pollutants to feed newly hatched caterpillars until the third instar. These caterpillars were transferred to Petri dishes (6.5 × 2.5 cm) with a 3 × 1.5 cm cube of artificial diet until the pupa stage. The pupae were collected, sexed, and 50 (20 males and 30 females) were placed per PVC cage in tubes (10 × 22 cm) internally coated with sulphite paper as an oviposition substrate, and sealed using voile type cloth and elastic to prevent escape and to allow air to circulate (Parra 2007 ).
REARING OF THE PARASITOID TETRASTICHUS HOWARDI
Fifty D. saccharalis pupae, 24 to 48 h old, were individually exposed for 24 h to parasitism by 5 T. howardi females, in glass tubes (2 × 15 cm), sealed with cotton and containing a honey droplet. Following this, they were individualized and maintained at 25 ± 2 °C, 70 ± 10% RH, and a photoperiod of 14:10 h (L:D) in a controlled climate chamber until the emergence of the adults (Pereira et al. 2009b .
TETRASTICHUS PARASITISM AND DEVELOPMENT ON TENE-BRIO MOLITOR PUPAE STORED FOR DIFFERENT PERIODS AT LOW TEMPERATURES
Fifty 24-h-old T. molitor pupae weighing between 0.110 and 0.140 g (Oliveira 2013) were selected. Pupae of this weight range had better quality, and were stored at temperatures and relative air humidity of −28.2 °C and 53.8%; 0.5 °C and 55.6%; 2.7 °C and 52.0%; 10.5 °C and 56.7%; 14.8 °C and 62.5%, respectively, for 10, 20, 30, 60, and 90 d. After these periods, each pupa was parasitized for 72 h by seven 24-h-old T. howardi females in glass tubes (14 × 2.5 cm) sealed with cotton. At the end of the parasitism period, the T. howardi females were removed from the tubes, and the T. molitor females were kept at 25 ± 2 °C, 70 ± 10% RH, and a photoperiod of 14:10 h (L:D) until the emergence of the parasitoid offspring. This procedure also was used in the control, where the pupae were cold stored. The pupae were submitted to parasitism at 25 ± 2 °C, 70 ± 10% RH, and a 14:10 h (L:D) photoperiod.
EXPERIMENT 1 -TENEBRIO MOLITOR PUPAE, PREVIOUSLY PAR-ASITIZED BY TETRASTICHUS HOWARDI MAINTAINED AT 10.3 °C Tenebrio molitor pupae 24-h-old, weighing 0.110 to 0.140 g, were individualized with seven 24-h-old T. howardi females (Oliveira 2013) in glass (14 × 2.5 cm) tubes sealed with cotton for 72 h at 25 °C, 70 ± 10% RH, and a 14:10 h (L:D) photoperiod.
The T. howardi females were removed at the end of the parasitism exposure period and T. molitor females were kept in the tubes at 25 ± 2 °C, 70 ± 10% RH, and a 14:10 h (L:D) photoperiod until the parasitoids reached the pupal stage. Ten pupae of this host were separated, opened with the help of a stylet, and the immature T. howardi counted to verify the pupal stage of the parasitoid. Tetrastichus howardi pupae were stored at 10.3 ± 0.48 °C in a Thermoelectric Wine Cellar Model No. 25123 (127)/25127 (220) (Eletrolab, São Paulo, São Paulo, Brazil) for 10, 20, 30, 60, and 90 d. This parasitism procedure also was performed in the control, but the parasitized pupae were maintained in the tubes at 25 ± 2 °C, 70 ± 10% RH, and a 14:10 h (L:D) photoperiod.
Assessment of biological characteristics. The parasitism percentage [(number of pupae without T. molitor adult emergence)/(number of pupae offered to parasitoid females)] × 100; emergence percentage [number of T. molitor pupae with emergence of parasitoid adults]/ (number of pupae parasitized) × 100]; life cycle duration (from pupa exposure to parasitism to adult emergence of parasitoid [not evaluated in experiment 2]); number of parasitoids emerged per pupa (progeny) (females + males); and female and male longevity (adult emergence period until death) were evaluated in experiments 1 and 2. Tetrastichus howardi males and females were separated according to the morphological characteristics of the antenna (females have antennae with dark brown flagellum, and males have pale flagellum, usually yellowish, with an extra segment of dark brown or black coloring) (La Salle & Polaszek 2007) . The mortality of the host was observed with 20 T. molitor pupae individualized in glass tubes (1.5 × 10 cm) sealed with cotton without the parasitoid, and the number of mature T. molitor adults emerged. Tetrastichus howardi adult longevity was determined daily with 20 females and 20 males randomly chosen from the offspring of each treatment, individualized in glass tubes, and fed with droplets of pure honey dispersed inside the glass tube.
STATISTICAL METHODS OF EXPERIMENT 1
The design was completely randomized with 22 treatments and 10 replications, each one with 5 individualized T. molitor pupae, totaling 50 pupae per treatment. Data on parasitism, emergence, life cycle duration, number of parasitoids emerged per T. molitor (progeny) pupa, sex ratio, and longevity of T. howardi males and females were submitted to variance analysis and, when significant at 5% probability, to the Scott-Knott test. The lack of emergence of the parasitoid in some treatments prevented the performance of regression analysis. The data did not show trends; therefore, the means were submitted to the clustering test.
STATISTICAL METHODS OF EXPERIMENT 2
The experimental design was completely randomized with 5 treatments (storage and control periods), with 5 replications with T. molitor pupae per replication, totaling 50 pupae per treatment. The data for parasitism, emergence, life cycle duration, number of parasitoids emerged per T. molitor (progeny) pupa, sex ratio, and longevity of T. howardi males and females were submitted to regression analysis.
The equation that best fit the data was chosen based on the determination coefficient (R2), the significance of the regression coefficients (ßi) and the regression analysis by the F test (5% probability level).
Results

REARING OF TENEBRIO MOLITOR AND DIATRAEA SACCH-ARALIS
Tetrastichus howardi parasitized and developed on T. molitor pupae after storage at low temperatures (Fig. 1a) . Tetrastichus howardi can be multiplied into pupae of the alternative T. molitor host after storage at 0.5 °C and 55.6% RH for 10 and 20 d. Tenebrio molitor pupae can be stored at 2.7 °C and 52.0% RH for T. howardi breeding in all periods except for 90 d (Table 1) . Parasitism, with temperature and relative air humidity combinations of 10.5 °C and 56.7%, and 14.8 °C and 62.5% RH occurred only in pupae stored for 20, 30, and 10 d, respectively (Table 1) . Tetrastichus howardi progeny in T. molitor pupae (Fig. 1b) , stored at 14.8 °C and 62.5% RH, were similar to those of the control, and more numerous than those of the other treatments (Table 1) , an important fact to consider when managing this host to produce this parasitoid. The T. howardi sex ratio, with T. molitor pupae stored at low temperatures, was higher than 0.70 in all treatments with parasitoid emergence. The T. howardi life cycle (egg to adult) was similar between treatments with 19.75 ± 3.32 and 25.50 ± 1.85 d, with variation in the T. howardi male and female longevity, but always greater than 15 d.
REARING OF THE PARASITOID TETRASTICHUS HOWARDI
The percentage of T. molitor pupae, parasitized by T. howardi females after storage for different periods in the immature stage at 10.3 ± 0.48 °C, 54.20 ± 2.52%, was lower than that of the control, and reached at the most 80% after 10 d of storage. The emergence and sex ratio of T. howardi were similar between treatments with 87.88 ± 3.13% and 0.94 ± 0.01, respectively. Tenebrio howardi progeny was greater in the control, after 10 and 20 d of storage. The longevity of T. howardi females and males emerged from T. molitor pupae was inversely proportional to cold storage periods, which were higher at 0, 10 and 20 d ( Fig. 2a, b ).
Discussion
The parasitism percentage was lower than that of the control, but above 70% in the treatments and, therefore, adequate for the mass rearing of this parasitoid (Oliveira 2013 ). In addition, emergence was greater than 80% and similar to that of the control.
This may be due to the lower host nutritional quality, since refrigeration for long periods can cause biochemical, physical, and morphophysiological modifications compromising the nutritional quality of the host pupae and, consequently, the parasitoid reproduction (Mainali & Lim 2013) . Tetrastichus howardi did not parasitize T. molitor pupae stored at −28.2 °C and 53.8% RH due to their death, since the lethal minimum for insects is −15 to −25 °C (Fields 1992 ).
The T. howardi life cycle (egg to adult) was similar between treatments, but with variation in the T. howardi male and female longevity, but always greater than 15 d. Values for life cycle, over 10 d, are adequate as a period sufficient for parasitoids, released in the field, to find their hosts and reproduce (Pratissoli et al. 2005) .
The multiplication of parasitism results by emergence, progeny and sex ratio shows 12.662 females per 7 T. howardi from 100 T. molitor pupae parasitized without storage (control). The total female progeny, closer to the control, was 5.704 at 0.5 °C and 55.6%, followed by the temperature and relative air humidity combination of 2.7 °C and 52.0%, 4.931 and 4.940 females with 1, 0, and 20 d storage, respectively. These combinations can be recommended for T. molitor pupae storage, for the T. howardi production, because one of the difficulties found in the mass parasitoid production is to obtain large numbers of suitable hosts when necessary. Thus, the possibility of conserving T. molitor pupae with viability for the multiplication of T. howardi will be very useful in biological control programs with this natural enemy.
The predominance of females over males is important for largescale parasitoid rearing, because females are the main agent responsible for subsequent generations in the laboratory (Uçkan & Gulel 2002) , and for preventing the continuity of the insect-pest cycle in the field (Fávero et al. 2014) .
The lower percentage of T. molitor pupae, parasitized by T. howardi females after storage for different periods in the immature stage at 10.3 ± 0.48 °C and 54.20 ± 2.52% compared to the control, shows a reduction in the T. howardi reproduction as the exposure period to low temperatures increased, as observed for this parasitoid with D. sac- charalis pupae (Favero et al. 2015) . Cold storage reduced reproduction of the parasitoids Eretmocerus corni Haldeman and Encarsia formosa Gahan (both Hymenoptera: Aphelinidae) (López & Botto 2005) when stored as immature in their hosts (Chen et al. 2008a; Bourdais et al. 2012) .
The similar emergence and sex ratio of T. howardi between treatments showed high values because stress can alter mating behavior and reproductive success (Shreve et al. 2004) . Female Anaglyphus ananatis Gahan (Hymenoptera: Encyrtidae) exposed to low temperatures when immature produced only male offspring, with the effect of the cold making males incapable of copulating or producing viable spermatozoids (Pandey & Johnson 2005) .
The greater T. howardi progeny in the control, after 10 and 20 d of storage, shows that it is possible to store this parasitoid in the cold, but the lower temperatures and the longer exposure period reduce the number and quality of the offspring. This also was confirmed with Trissolcus basalis Wollaston and Telenomus podisi Ashmead (both Hymenoptera: Scelionidae) pupae at 12 °C and 15 °C for 120 to 210 d, and with different parasitism periods at 18 °C without emergence of these parasitoids at 12 °C. The T. basalis and T. podisi emergence transferred at 15 °C at the beginning of the pupa stage was 1.5% and 26.3%, respectively, whereas those transferred 1 d before the expected adult emergence date at 18 °C presented indices of 86.4% in T. basalis and 59.9% in T. podisi. Similarly, the adult longevity of these parasitoids was lower at 15 °C at the beginning of the pupal stage (Foerster et al. 2004 ).
The inversely proportional T. howardi female and male longevity emerged from T. molitor pupae with cold storage periods confirms that exposing immatures to low temperatures may decrease adult parasitoid longevity, as reported for Anagyrus ananatis Gahan (Hymenoptera: Encyrtidae) (Rundle et al. 2004; Pandey & Johnson 2005; Colinet & Boivin 2011) . Trissolcus basalis and T. podisi adults also were stored at 15 or 18 °C after their immature development had been completed at 18 or 25 °C. The longevity and fertility of these parasitoids, at different storage temperatures, were evaluated after returning them to 25 °C from different reproductive diapause periods. The temperature during immature development influenced female longevity being higher for those that reached adulthood at 25 °C and were then stored at 15 °C (13 mo for T. basalis and 10 mo for T. podisi).
The egg to adult period, parasitism and emergence percentages, number of parasitoids emerged per pupal host, sex ratio and longevity of adult T. howardi descendants in T. molitor pupae after storage of this host, and the descendants of the parasitoid as immature (pupae) were compromised. Exposure to low temperatures can affect physiological activity (Hance et al. 2007) , reducing the body parasitoid mass and, consequently, their longevity as reported for Trichogramma nerudai Pintureau and Gerding (Hymenoptera: Trichogrammatidae) (Tezze & Botto 2004) . This is due to the need for resources during long cold storage periods (Chen et al. 2013 ). In addition, absence of feeding and water loss during storage also may reduce parasitoid longevity (Chen et al. 2011) .
Tetrastichus howardi biological characteristics were better with T. molitor pupae stored at 0.5 ± 0.09 °C and 2.7 ± 0.11 °C for 10 and 20 d. Tetrastichus howardi immatures (pupae) can be stored in T. molitor pupae for 10, 20, 30, 60, and 90 d at 10.3 °C and their emerged adults used in biological control programs, preferably pupae of this after 10 d of storage without deleterious effects for the population of this parasitoid.
These results contribute to overcoming one of the difficulties encountered in the mass production of parasitoids, which is to obtain large numbers of suitable hosts when they are needed. Therefore, the 90 -------10.5 ± 0.5/56.7 ± 2.6 10 -------10.5 ± 0.5/56.7 ± 2.6 20 54.0 ± 9.4 c 79.9 ± 7.9 a 60.1 ± 7.8 c 0.7 ± 0.0 b 25.5 ± 1.8 a 19.5 ± 1.3 a 21.4 ± 1.3 a 10.5 ± 0.5/56.7 ± 2.6 30 66.0 ± 7.3 b 79.9 ± 7.6 a 47.5 ± 7.6 c 0.7 ± 0.0 b 23.4 ± 0.5 a 19.9 ± 1.0 a 19.7 ± 0.9 a 10.5 ± 0.5/56.7 ± 2. possibility of conserving T. molitor pupae to rear T. howardi will be useful to use this natural enemy in biological pest control programs. 
